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Z = 4 

Mo Ka radiation 
H = 1.73 mm~' 

Data collection 

Rigaku MM007-HF CCD (Saturn 

724+) diffractometer 
12333 measured reflections 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.098 
S = 1.04 
2955 reflections 
190 parameters 



0.035 



T = 293 K 

0.30 x 0.28 x 0.25 mm 



2955 independent reflections 
2237 reflections with / > 2a(I) 
R in , = 0.038 



7 restraints 

H-atom parameters constrained 
A/w = 0.44 e A~ 3 
Ap mi „ = -0.45 e A~ 3 
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Key indicators: single-crystal X-ray study; T = 293 K; mean ct(C-C) = 0.005 A; 
R factor = 0.035; wR factor = 0.098; data-to-parameter ratio = 15.6. 



Table 1 

Selected bond lengths (A). 



Cul-Nl 
Cul-N2 
Cul-Ol 



1.966 (2) 
1.970 (2) 
2.411 (2) 



Cul-02 
Cul-04 
Cul-05 



1.994 (2) 
2.437 (2) 
1.9987 (19) 



In the title complex, [Cu(N0 3 )2(CioH g N 2 )], the Cu 11 cation is 
chelated by two nitrate anions and by one 2,2'-bipyridine 
ligand in a distorted N 2 0 4 octahedral geometry. The dihedral 
angle between the pyridine rings is 1.92 (11)°. In the crystal, 
7T-7r stacking between parallel pyridine rings of adjacent 
complex molecules is observed, the centroid-centroid distance 
being 3.6788 (19) A. Weak C-H- ■ O hydrogen bonds further 
link the molecules into a three-dimensional supramolecular 
architecture. 

Related literature 

For applications of copper(II) complexes in magnetochem- 
istry, see: Garribba et al. (2000); Mukherjee (2000). 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


ci-m-or 


0.93 


2.56 


3.390 (3) 


149 


C4-H4- ■ 05" 


0.93 


2.50 


3.422 (3) 


169 


Symmetry codes: (i) — > 


.' + 2, -y - 


h 2. -z + 2; (ii) x - 


l.y,z. 





Data collection: CrystalStructure (Rigaku/MSC, 2006); cell 
refinement: CrystalStructure; data reduction: CrystalStructure; 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); 
program(s) used to refine structure: SHELXTL; molecular graphics: 
DIAMOND (Brandenburg, 1999); software used to prepare material 
for publication: SHELXTL. 




\ f\\ // 
\ / 

0-Cu^ 0 



V 



Experimental 

Crystal data 

[Cu(NO 3 ) 2 (C 10 H 8 N 2 )] 
M r = 343.74 
Monoclinic, P2 i /c 
a = 8.4282 (17) A 



b = 11.132 (2) A 
c = 16.140 (5) A 
P = 121.39 (2)° 
V = 1292.7 (5) A 3 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5745). 
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(2,2 f -Bipyridine-A: 2 N,N f )bis(nitrato-A: 2 O r O f )copper(ll) 
Feng-Yi Liu, Ming-Hui Zhang and Jun-Feng Kou 

1. Comment 

Copper(II) is one of the most important transition metals in magnetochemistry (Garribba et al. 2000; Mukherjee, 2000). 
Herein we report the synthesis and structure of the title copper(II) complex with 2,2'-bipyridine. 

As shown in Fig.l, the Cu(II) atom is chelated by two N atoms of 2,2'-bipyridine and four O atoms of from two nitrate 
anions, forming an irregular octahedral coordination geometry. The Cu — N bond distances are 1.9661 (19) A and 
1.9691 (18) A with basal angle of 82.48 (8). The apical positions are occupied by O atoms of the two different bis- 
chelating nitrate anions [Cu— O distances of 2.4100 (19) A, 1.9948 (18) A, 2.28 (3) A and 1.9983 (16) A) with an angle 
of 57.76 (7), 91.89 (8) and 55.9 (7). The dihedral angle between the planes of the two pyridine rings is 1.92 (11)°. Further, 
k-k stacking interactions with a centroids separation of 3.6788 (19) A between pyridine rings and weak CI — Hl-Ol and 
C4 — H4- -05 hydrogen bonds link the molecules into the three dimensional supramolecular structure in Fig. 2 and Fig. 3. 

2. Experimental 

A solution of copper(II) nitrate hydrate (0.2 mmol, 48 mg) in methanol (2 ml) was mixed with 2 ml of an aqueous 
solution of /i-aminobenzoic acid (0.1 mmol, 17 mg) in presence of 2,2-bipyridine (0.1 mmol, 16 mg). The resulting 
mixture was allowed to evaporate for one week to yield a blue crystal, suitable to X-ray work. 

3. Refinement 

H atoms were geometrically fixed and allowed to ride on the non-H atom with C — H = 0.93 A, [/ is0 (H) = 1.2£/ eq (C). 
Computing details 

Data collection: CrystalStructure (Rigaku/MSC, 2006); cell refinement: CrystalStructure (Rigaku/MSC, 2006); data 
reduction: CrystalStructure (Rigaku/MSC, 2006); program(s) used to solve structure: SHELXTL (Sheldrick, 2008); 
program(s) used to refine structure: SHELXTL (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 1999); 
software used to prepare material for publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title compound, with atom labels and 30% probability displacement ellipsoids. 



Acta Cryst. (2013). E69, m609 



sup-2 



supplementary materials 




Acta Cryst. (2013). E69, m609 



sup-3 



supplementary materials 



Figure 3 

A view of the crystal packing. Hydrogen bonds are shown as brown dashed lines. 



(2,2'-Bipyridine-if 2 iV,iV')bis(nitrato-/c 2 0,0')copper(ll) 

Crystal data 

[Cu(NO 3 )2(C 10 H 8 N2)] 
M r = 343.74 
Monoclinic, Fl\lc 
Hall symbol: -P 2ybc 
a = 8.4282 (17) A 
b= 11.132 (2) A 
c= 16.140 (5) A 
P= 121.39(2)° 
V= 1292.7 (5) A 3 
Z = 4 

Data collection 

Rigaku MM007-HF CCD (Saturn 724+) 

diffractometer 
Radiation source: rotating anode 
Confocal monochromator 
co scans at fixed / = 45° 
12333 measured reflections 
2955 independent reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2ff(^)] = 0.035 

wRiF 1 ) = 0.098 

S = 1.04 

2955 reflections 

190 parameters 

7 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 692 

D x = 1.766 MgirT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2955 reflections 

6 = 3.0-27.5° 

fi = 1 .73 mnr 1 

T=293 K 

Block, blue 

0.30 x 0.28 x 0.25 mm 



2237 reflections with / > 2o(I) 
R iBt = 0.038 

fi'max = 27.5°, 6> min = 3.0° 



h = -10— >10 
£ = -14_>14 

/ = -20— 18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[o\F 2 ) + (0.050P) 2 + 0.3548P] 

where P = (F 0 2 + 2F, 2 )/3 
(A/(7) max = 0.002 
Ay9 max = 0.44 e A~ 3 
Ap mm = -0.45 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x y z E4o*/E/e q 

Cul 0.85476 (4) 0.75682 (3) 1.00645 (2) 0.04079 (13) 

Nl 0.6302 (3) 0.85640 (18) 0.93496 (14) 0.0382 (5) 
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Atomic displacement parameters (A 2 ) 
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1 1 *") \ 
-1.1 (3) 


p, , 1 XT1 PC 

02 — Cu 1 — N 1 — C5 


O 1 A /") \ 

-81.9 (3) 


XT1 P,,1 PC XT/1 

N 1 — Cul — (J5 — JN4 




-103.1 (2) 


05 — Cul — JN 1 — CD 


1 AT /1 t\ 

164.0/ (1 /) 


XT'") P , , 1 PC XT/1 

JN2 — Cul — U5 — N4 




11 O { A\ 

—ZZ.JS (4) 


r\ 1 /"<.. 1 xt 1 /~<c 

Ol — Cul — Nl — C5 


1 ni n /i t\ 

—102.12 (17) 


/ V~) P., 1 PC XT /I 

02 — Cul — 05 — N4 




92.1 (2) 


p> J P , , l XT1 PC 

04 — Cul — N 1 — C5 


ia/; oi / 1 T\ 

106.82 (17) 


P1 /"". . 1 PC XT/1 

Ol — Cul — 05 — N4 




1 /I A O C / 1 A\ 

149.85 (19) 


XT1 /'■•., 1 XT') ni A 

N 1 — Cu 1 — N 2 — C 1 U 


178.3 (2) 


P/1 P., 1 PC XT/1 

04 — Cul — 05 — N4 




0.62 (19) 


p,, 1 XT') n A 

U2 — Cu 1 — JN 2 — C 1 0 


10*3 /o\ 

— 18.3 (2) 


c z xti 1 /"'o 
C5 — N 1 — C 1 — C2 




-0.1 (4) 


f \ r p , , 1 XT') pin 

05 — Cu 1 — N 2 — C 1 0 


96.2 (4) 


1 XT 1 y 1 r~"0 

Cul — N 1 — CI — C2 




1 T7 /I ZO\ 

-177.4 (2) 


Ol — Cul — N2 — CIO 


-76.3 (2) 


XT1 P1 P^> PO 

Nl — CI — C2 — C3 




-0.5 (4) 


P A (~ ' , , 1 XT'") PIA 

04 — Cu 1 — N 2 — C 1 0 


tc t /i\ 

75.7 (2) 


P1 PO PT P/1 

C 1 — C2 — C 3 — C4 




A O / A \ 

0.8 (4) 


XT1 /"'nl XTO /~</r 

N 1 — Cu 1 — N 2 — Co 


U.38 (18) 


/~-o f 1 r^A r^c 
C2 — C3 — C4 — C5 




A A (A \ 

— U.4 (4) 


/~\o 1 xto /~"z^ 

02 — Cul — N2 — Co 


163.80 (18) 


CI — Nl — C5 — C4 




0.5 (3) 


/-vr f~~-> \ XTI P f 

05 — Cul — N2 — Co 


-81.7 (4) 


P 1 XT1 PC P/1 

Cul — Nl — C5 — C4 




1TO A/1 /10\ 

178.04 (18) 


P. 1 P., 1 XTI P/^ 

Ol — Cul — N2 — Co 


1 AC O / 1 OA 

105.83 (18) 


P1 XT1 PC /"• /_ 

CI — Nl — C5 — C6 




1 TA A /1\ 

-179.0 (2) 


r\ a /"".. 1 XTO /"*£ 

04 — Cul — N2 — Co 


1 AO OO / 1 0\ 

— 102.22 (18) 


Cul — Nl — C5 — C6 




1 C /">\ 

-1.5 (3) 


PiO XT') Pi 1 P 1 

03 — N3 — Ol — Cul 


176.9 (2) 


PO P/1 PC XT1 

C3 — C4 — C5 — N 1 




-0.2 (4) 


Pi"") XT') Pi 1 P 1 

02 — N3 — Ol — Cul 


-2.4 (2) 


PT P/1 PC P /" 

C3 — C4 — C5 — C6 




1 TA O /IX 

179.3 (2) 


XT1 P., 1 Pi 1 XT') 

Nl — Cul — Ol — N3 


i n a A') / 1 /i \ 

174.92 (14) 


P1A XT') f " f- t~^n 

C 1 0 — N 2 — C 6 — C 7 




A T / /I \ 

0.7 (4) 


XTO /"'nl /~\1 XTT 

N2 — Cul — Ol — JN3 


88.ol (15) 


p„1 XTO /"*£ t~*1 

Cul — N 2 — C 6 — C / 




1 TO T /'OA 
1 /8. / (2) 


Pi"") P 1 Pi 1 XT') 

02 — Cu 1 — 0 1 — N3 


1.66 (14) 


P1 A XT') P £. PC 

C 1 0 — N2 — C6 — C5 




1 TA O /1\ 

-179.3 (2) 


PC P , , 1 P1 XT') 

05 — Cul — Ol — N3 


oa n / 1 c \ 

-89.22 (15) 


C ' , 1 XT') / < /_ PC 

Cul — N 2 — C 6 — C 5 




1 ■*? /") \ 

-1.3 (3) 


r\ a /"<.. 1 /"* 1 XT'* 

04 — Cu 1 — 0 1 — N 3 


A A /I ■*) / 1 A\ 

-49.43 (19) 


XT 1 /""C Z"*^ XTO 

N 1 — C5 — C6 — N2 




1.8 (3) 


/~\o XTO no /""„ 1 

03 — JN3 — 02 — Cul 


— 1 /0.4 (2) 


t~* a r*t- xto 
C4 — C5 — C6 — JN 2 




1 TT T C~)\ 

—[//./ (2) 


Pi 1 XT') /"\-"\ /" < i 

0 1 — N3 — 02 — Cu 1 


3.0(2) 


XT1 PC P/" PT 

N 1 — C5 — C6 — C7 




-178.2 (2) 


XT1 P 1 Pil \n 

Nl — Cul — 02 — N3 


-24.7 (4) 


P/1 PC P/" PT 

C4 — C5 — C6 — C7 




2.3 (4) 


XT') P., 1 PI XT') 

N 2 — Cu 1 — 02 — N 3 


1 AC A 1 /1 C\ 

-105.41 (15) 


"XT') p/ PT PO 

N 2 — C 6 — C 7 — C 8 




A A / A\ 

-0.9 (4) 


V_^_> vUl \JZ. IN J 


0". / J V^^/ 


r 1 ^ cf\ ci ck. 




1 7Q 1 (Vi 


01— Cul— 02— N3 


-1.63 (13) 


C6— C7— C8— C9 




0.3 (5) 


04— Cul— 02— N3 


146.86 (15) 


C7— C8— C9— CIO 




0.6 (5) 


06— N4— 04— Cul 


179.4 (4) 


C6— N2— CIO— C9 




0.2 (4) 


05— N4— 04— Cul 


0.9 (3) 


Cul— N2— CIO— C9 




-177.6 (2) 


Nl— Cul— 04— N4 


86.1 (2) 


C8— C9— CIO— N2 




-0.8 (5) 


Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


n-A 




D—R-A 


CI — HI— 01' 


0.93 


2.56 


3.390 (3) 


149 


C4— H4-05" 


0.93 


2.50 


3.422 (3) 


169 
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supplementary materials 



Symmetry codes: (i) -x+2, -y+2, -z+2; (ii) x~\ , y, z. 
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